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SWITCHING SYSTEM FOR PLURAL SIMMER 
VOLTAGES 

RELATED APPLICATIONS 

[01] This application claims priority from Provisional Application Serial No. 60/265,558, 
filed January 31, 2001, the entire disclosure of which is hereby incorporated by reference 
herein. 

FIELD OF THE INVENTION 

[02] The present invention relates to a combination selector switch and infinite switch 
energy regulator unit, and more particularly, to a combined unit that employs a single 
actuator to control the duty cycle produced by an infinite switch energy regulator that is 
selectively supplied with one of multiple voltages by the selector switch. 

BACKGROUND OF THE INVENTION 

[03] The use of infinite switch energy regulators are well known in the art of energy and 
load control. For example, infmite switch energy regulators are employed in electric ranges, 
to control the energy supplied to a load, such as a burner. In a typical infinite switch energy 
regulator, depending on the setting of the switch, a duty cycle is selected to be provided as an 
output from the energy regulator to the load. An infinite switching type energy regulator 
works on the principle that if the contacts are opened and closed at different on-to-off time 
ratios, or different duty cycles, sometimes referred to as % (percent) on-times, the energy 
transmitted to a physical mass, through an electrical load, can be regulated as those ratios are 
varied. However, in order to regulate the temperature of the heating element to which the 
electrical power is suppUed, the on/off switching of electrical energy requires that the 
cooktop heating element (load) and physical mass in contact with the heating element, such 
as a pot or pan with water or food, have a significant lumped thermal capacitance. 



[04] An infinite switching type energy regulator typically has a bimetal coupled to a 
cycling contact and an internal heater that causes the bimetal to deform when energy is 
applied to the intemal heater and the resistive load. As the load and the internal heater are 
heated, the bimetal deforms and the switch is opened. The cycling contact closes, due to 
spring forces, after the bimetal has cooled sufficiently to allow it to deform back to its 
original ambient temperature shape. An infinite switch energy regulator is typically 
employed in a 240 volt ac application and the intemal heater and collaboration are configured 
for use in such an application. 

[05] One of the problems with the presently available energy regulator, which uses only 
240 volt ac, is that the load exhibits much greater changes in instantaneous temperature as the 
infinite switch energy regulator cycles on and off. To a household user, this means that 
certain foods, such as chocolates and sauces, tend to bum in a 240 volt ac system due to the 
instantaneous changes in temperature. 

[06] In certain high-end ranges, a toggle switch is provided on the fi-ont panel of the 
electric range to select between 120 volts ac and 240 volts ac. The separate toggle switch is 
electrically connected to the infinite switch energy regulator, which is separately controlled 
by a user. By switching to a 120 volt ac mode using the toggle switch, the infinite switch 
energy regulator in these high-end ranges can provide a very gentle simmer. The toggle 
switch feeds the 120 volt ac to the infinite switch energy regulator. The infinite switch used 
in such high-end ranges is normally used in 240 volt ac applications. Hence, when the 
voltage is dropped to half of its design value, (i.e., 120 volt ac), both the intemal and external 
heaters and resistive load are now supplied with one-fourth (Va) of the original power. As the 
intemal heater causes the bimetal to deform, which is the prime mover for the cycling of 
energy regulating contacts, then at 120 volt ac it takes more time to deform the bimetal to a 
given geometry than at 240 volt ac. The amount of deformation is critical to the operation of 
an infinite switch because the intemal components reposition themselves to the point where 
the contacts, and hence the circuit open, within the infinite control, thereby cycUng the 
current. 



[07] As stated earlier, an infinite control's cycling contact closes, typically due to spring 
forces, after the bimetal has cooled sufficiently to allow it to deform back to its original 
ambient temperature shape. The time it takes for the bimetal to cool does not change 
significantly whether 120 volt ac or 240 volt ac is supplied to the infinite switch energy 
regulator. When power is no longer applied, and since the bimetal mechanism has reached 
the same physical state at 120 volt ac as at 240 volt ac (although taking more time to do so), 
the rate of energy dissipation is dictated by the thermal properties of the materials and 
surroimdings. These parameters are not affected by a voltage which is no longer being 
apphed, so that voltage is the only variable that changes. 

[08] Since the high-end ranges apply power for a longer period than normal in 120 volt ac 
mode than in 240 volt ac mode, with a cooling time remaining roughly constant, the duty 
cycle increases by a factor of four when the voltage is decreased to one-half. The effect to a 
substantial mass, such as a gallon of water, is negligible, because over a large period of time 
(e.g., an hour), the pot of water reaches the same steady state temperature whether the system 
utilized 120 volt ac or 240 volt ac in the manner described above. The reason for this is that 
although only one-fourth the power is being applied, it is being applied for four times the 
effective duty cycle, so that in effect, the total amount of energy being transferred to the 
physical mass remains constant. However, if a mass of non-substantial quantity is placed in 
physical contact with a thermal/electrical load, then a significant change in performance 
occurs. Although the steady state or average temperature theoretically remains constant, the 
instantaneous temperature changes exhibit a very noticeable difference when switching 
between 120 volt ac and 240 volt ac modes. The physical mass undergoes very sUght 
temperature changes when in the 120 volt ac mode. Hence, by toggling to a 120 volt ac 
mode, a very gentle simmer of delicate foods, such as chocolates and sauces, may be 
achieved. 

SUMMARY OF THE INVENTION 

[09] There is a need for a combined selector switch and infinite switch energy regulator 
that provides a single actuation mechanism for a user, thereby avoiding the increased space 



on the range top required by the use of a separate toggle switch and a separate infinite switch 
energy regulator actuator, and improving the intuitive control of the infinite switch at 
different voltages. 

[10] These and other needs are met by embodiments of the present invention which 
provide a selector switch and infinite switch energy regulator unit comprising an infinite 
switch energy regulator for adapting an input voltage level to an average output level. The 
energy regulator has a rotatable shaft for adjusting the average output voltage level. The unit 
also comprises an input voltage selector for selecting between a plurality of input voltages by 
actuation of a rotatable mechanism. The input voltage selector has as an output the input 
voltage level to the energy regulator. The rotatable shaft is also operatively coupled to the 
rotatable mechanism of the input voltage selector. 

[11] The present invention thus provides a selector switch and infinite switch energy 
regulator unit that employs the same rotatable shaft for selecting the input voltage level to the 
energy regulator, as well as for controlling the average output voltage level of the infinite 
switch energy regulator. This combined unit reduces the space required on the range, as well 
as providing a more intuitive control for the user of the range, since a separate toggle switch 
does not have to be separately operated to provide the functionality of a gentle simmering. 
Further, installation is eased, since the unit is already pre-assembled so that additional wiring 
between the toggle switch and the infinite switch after installation is avoidable. 
[12] The earUer stated needs are also met by another embodiment of the present invention 
which provides a voltage selector switch and infinite switch combination, comprising a 
voltage selector switch rotatably controlled to selectively provide as an output a first input 
voltage or a second input voltage. The combination also comprises an infinite switch 
mechanically and electrically coupled to the voltage selector switch, with an input connected 
to the output of voltage selector switch. The infinite switch provides a duty cycle that is 
rotatably controlled and is further dependent on the output of the voltage selector switch 
provided as an input to the infinite switch. A single rotatable shaft is coupled to the voltage 
selector switch and the infinite switch for rotatably controlling the selector switch and the 
infinite switch. 



[13] The foregoing and other features, aspects and advantages of the present invention will 
become more apparent from the following detailed description of the present invention when 
taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[14] Figure 1 depicts a side view of an assembled unit having a selector switch and infinite 

switch energy regulator in accordance with embodiments of the present invention. 

[15] Figure 2 shows a top view of the unit of Figure 1 . 

[ 1 6] Figure 3 depicts a bottom view of the unit of Figure 1 . 

[17] Figure 4 is an electrical schematic diagram of the unit of Figure 1. 

[18] Figure 5 shows a fully exploded view of a selector switch constructed in accordance 

with embodiments of the present invention. 

[19] Figure 6 shows a partially exploded view of the selector switch of Figure 5. 

[20] Figure 7 shows a plan view of an infinite switch with the cover removed, in 

accordance with embodiments of the present invention. 

[21] Figure 8 shows a bottom plate of the infinite switch of Figure 7. 

[22] Figure 9 shows a perspective view of the unit in a pre-assembled position. 

[23] Figure 10 is a perspective view of the assembled xmit in accordance with 

embodiments of the present invention. 

[24] Figure 11 shows an exemplary contact switch program of the combination unit in 
accordance with embodiments of the present invention. 

[25] Figure 12 is a graph showing an exemplary duty cycle for the combination unit 
constructed in accordance with embodiments of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[26] The present invention addresses and solves problems related to the controlling of a 
resistive load in a maimer that produces a gentler cycling of the voltages applied to the load, 
reducing the instantaneous voltage spikes typically applied to a load by an infinite switch 



energy regulator that is supplied with a single operating voltage. This is achieved by the use 
of a combination voltage selector switch and infinite switch energy regulator unit, which are 
both controlled by a single, common actuator. The commonly actuated selector switch and 
infinite switch energy regulator combination unit provides a more intuitive control to an end 
user, while reducing the amount of switches and installation space required on a panel of an 
electric range. 

[27] Figure 1 depicts a side view of an assembled combination unit in accordance with 
certain embodiments of the present invention. The unit 10 comprises two main switches: a 
selector switch 12 and an infinite switch 14. The selector switch 12 may operate in the 
manner of a substantially conventional F-switch to receive inputs of two different voltages 
and provides as an output one of the two input voltages. Hence, the selector switch 12 may 
be considered an input voltage selector. 

[28] The selector switch 12 is mechanically attached and electrically coupled to the 
infinite switch 14, also referred to as an infinite switch energy regulator. The infinite switch 
14 may operate in a relatively conventional manner, by adapting an input voltage level to an 
average output voltage level by changing the duty cycle in a controlled manner. 
[29] The unit 10 receives a plurality of input voltages at the selector switch 12, and 
specifically at the inputs L2 and N. Only input L2 is seen in the side view of Figure 1. The 
unit 10 is not shown connected to any power sources in Figure 1. The output E of the selector 
switch 12 is connected by a jumper cable 16 to an L2 input of the infinite switch 14. In 
addition to the L2 input, the infinite switch 14 also has an LI input (not shown in Figure 1), 
and output terminals P, HI and H2. A pilot light is connected between the P output and the 
L2 input of the selector switch 12 to indicate operation of the bumer by the unit 10. The 
infinite switch 14 also includes output terminals HI and H2 (not shown in Figure 1), that are 
to be coupled to a load, such as a resistive heating element of an electric range. 
[30] In this embodiment, the infinite switch 14 is of the parallel type, whereby the intemal 
heater in the infinite switch 14 is electrically parallel with a load being controlled, typically 
on an electric range cooktop, and typically a purely resistive load. However, the present 
invention does not require that a parallel type infinite switch be used. The infinite switch 14 



could also utilize an electrical series type control that is known to those of ordinary skill in 
the art, such as the internal electric heater, which causes the cycling of internal contacts by 
heating bimetallic material, is in series with the load being controlled, in the same fashion as 
the parallel type control in this illustrative example. 

[31] The subassembly of the selector switch 12 and the subassembly of the infinite switch 
14 are mechanically joined by the mechanical fastening of protrusions 18 and top cover 20 of 
the selector switch 12 with corresponding geometry in the top cover 22 of the infinite switch 
14. This joining serves primarily to prevent the selector switch subassembly 12 from rotating 
or translating with respect to the infinite switch subassembly 14. The alignment of the 
fastening also ensures that the actuating rotatable shaft does not bind with the cam, as will be 
described. 

[32] As seen in Figure 1, a single rotatable shaft 24 extends from the unit 10, and more 
particularly, from the selector 12. The rotatable shaft 24 is a single shaft that commonly 
operates the selector switch 12 and the infinite switch 14. Hence, the rotatable shaft 24 
provides a single user interface to operate both switching systems. This has the advantage of 
saving space on the electric range cooktop, and provides a more intuitive and easier to use 
switching arrangement for an end user. 

[33] A top view of the assembled unit is depicted in Figure 2, and better illustrates the top 
cover 20 of the selector switch 12. The top cover 20 includes a face plate 26 with two 
threaded openings 28 that provide for the connection of the imit 10 to a range front panel. It 
is noted that the unit 10 is assembled in such a way that the selector switch 12 has a longest 
dimension that will easily mount vertically with respect to a front panel on an electric range. 
In this manner, other larger controls can be placed side-by-side onto the range front panel 
without interfering with one another. The spacer plate 26 accommodates the curvature on the 
front panels of many electric ranges which tend to bow concavely with respect to the vertical 
direction as seen by the control, under a condition where the vertical access for direction is 
defined by the Une of gravity. In certain versions of the infinite switches as presently 
available, certain components are known to fimction differently imder the influence of 
gravity. The infinite switch 14 used for the depicted embodiment may have orientation 
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sensitivity, which is readily accommodated by the depicted design. Also, the spacer plate 26 
prevents the front panel of an electric range, which is typically curved, from being 
straightened or undesirably flexed in such a way as to damage its aesthetic and ftinctional 
properties. In certain embodiments of the present invention, the top cover 20 of the selector 
switch 12 may be provided with an electrical insulator plate between the top cover 20 and the 
terminals of the selector switch 12 to ensure that no electrical arc occurs between the unit 10 
and the front panel of the electric range, with which the end user often comes into contact. 
This electrical insulator plate is not depicted in the drawings. 

[34] Figure 3 depicts the bottom view of the unit 10 and also schematically shows the 
connections made between tiie specific terminals of the imit 10. In particular, the N and L2 
inputs of the selector switch 12 are to be attached to power to receive the 120 volt ac and 240 
volt ac voltages. The output E of the selector switch 12 is connected by the jxmiper cable 16 
to the input L2 of the infinite switch 14. The other input LI of the infinite switch 14 is 
connected to the voltage source, as indicated by the reference LI. The terminal P on the 
infinite switch 14 is connected in series with the pilot Ught and the input voltage L2, as 
depicted in Figure 3, Finally, the load 30, which may be a resistive heating element, for 
example, is coupled to the output terminals HI, H2 of the infinite switch 14. The intemal 
schematic diagram of the unit 10, depicting these connections, is provided in Figure 4. 
[35] As can be appreciated by this wiring in the schematic diagram, the selector switch 12 
receives first and second input voltages and may be switched between these two voltages 
(e.g., 120 volt ac and 240 volt ac). The jumper cable 16 extends from the E output terminal of 
the selector switch 12 to the L2 input of the infinite switch 14. HI and H2 terminals are 
depicted as being connected to the bimetal heater. When the infinite switch closes so that the 
LI contact and the L2 contact is made, the bimetal material is heated (the on part of the duty 
cycle) until the bimetal is deformed by a specified amount and the contact is broken. 
[36] The input to the L2 terminal of the infinite switch 14 may be switched between 120 
volt ac and 240 volt ac by the selector switch 12 toggling between the N input and the L2 
input. This has the effect of controlUng the input voltage to the infinite switch 14 and 
changing the duty cycle in dependence upon the input voltage. Hence, a more gentle 



simmering may be provided, as described earlier. The 120 volt ac input voltage causes the 
bimetal to be deformed to a given geometry at a slower rate than when the input voltage is at 
a 240 volt ac. However, the cooling of the bimetal does not change significantly in 
dependence on the voltage. Thus, the duty cycle, defined as the on time divided by the on 
time plus the off time increases by a factor of four when the voltage is decreased to one-half. 
Although the steady state or average temperature theoretically remains constant, 
instantaneous temperature changes exhibit a very noticeable difference when switching 
between 120 volt ac and 240 volt ac. The physical mass of a material being heated undergoes 
very slight temperature changes when in the 120 volt ac mode, providing a gentle simmering. 
[37] Figure 5 depicts a fully exploded view of a selector switch 12 in accordance with an 
exemplary embodiment of the present invention. The selector switch 12, which may also be 
referred to as an F switch, as is known in the art, has a bottom housing 32 that receives input 
terminals N and L2, as well as output terminal E. The input terminals N, L2 include terminal 
contacts 34 that selectively make contact with the output terminal E. 

[38] The selector switch 12 includes a rotatable cam 36 that is mounted on the rotatable 
shaft 24 (not shown in Figure 5) through an opening 38, The rotation of the cam 36 causes 
either the N input terminal of the L2 input terminal to make contact with the output terminal 
E. The top cover 20 with protrusions 18 is assembled on to the housing 32. This spacer plate 
26, through which the shaft 24 also extends, will be attached by screws or other fasteners to 
the range and to the selector switch 12 by apertixres 40 in the top cover 20. A partially 
exploded view of the selector switch 12 is depicted in Figure 6. In this case, the cam 36 and 
the terminals N, L2 and E are provided in housing 32, and the top cover 20 akeady has the 
spacer plate 26 attached, by an adhesive, for example. 

[39] Figure 7 depicts a plan view of an infinite switch with a cover removed, in 
accordance with embodiments of the present invention. This infinite switch 14 is generally 
constructed to operate in a manner of conventional infinite switches. Inside the infinite 
switch housing 42, a cam 44 is provided. The rotatable shaft 24 extends through the center of 
the cam 44, although the rotatable shaft is not depicted in Figure 7. The infinite switch 14 has 
fixed electrical contacts 46, 48 carried by terminals 50, 52. Terminal 50 is connected to input 
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teraiinal LI, while terminal 52 is connected to input terminal L2 on the infinite switch 14. 
Movable contacts 54, 56 are carried by movable switch blades 58, 60. The switch blades 58, 
60 are interconnected to terminals HI and H2. When the movable contacts 54, 56 are placed 
against the fixed contacts 46, 58 by the switch blades 58, 60, electrical current passes through 
the load 30, since the load 30 is placed across the power source leads LI and L2 by the 
closed switches of the infinite switch 14. The cam 44 controls the movement of the switch 
blades 58, 60 and it is itself controlled by the rotation of the rotatable shaft 24. The shape of 
the cam 44 controls the duty cycle of the infinite switch 14, as is well known to those of 
ordinary skill in the art. 

[40] The switch blade 58 includes a bimetal member 62 and a heater 64 arranged so that 
electrical current is adapted to flow through the electrical heater 64 whenever the movable 
contact 54 is disposed against the fixed contact 46. This heats the bimetal member 62 which 
tends to warp and move the movable contact 54 away firom the fixed contact 46. This causes 
electrical current through the electrical heater 64 to be termmated so that the bimetal member 
62 is allowed to cool and place movable contact 54 back into contact with the fixed contact 
46. In this manner, the infinite switch 14 cycles between its closed and open positions as long 
as the actuating shaft 24 sets the cam in any on position of the infinite switch. 
[41] The bottom plate 66 of the infinite switch 14 is depicted in Figure 8, and illustrates 
the terminals LI, L2, P, HI and H2 that extend therefrom. 

[42] Figure 9 depicts the selector switch 12 and infinite switch 14 prior to assembly of the 
two subassemblies together. As illustrated in Figure 9, the rotatable shaft 24 is already 
installed in the infinite switch 14 through the cam 44. Assembly involves the snap fitting of 
the selector switch 12, flirough the protrusions 14, onto the infinite switch 12. The final 
assembled unit is depicted in Figure 10, and is shown in perspective view. 
[43] Although physically joined by the mechanical fastening provided by the protrusions 
18, the extension of the rotatable shaft 24 from the infinite switch 12 through the rotatable 
cam 36 of the selector switch 12 allows for the two switches 12, 14 to physically act as a 
single device or unit 10. The rotatable shaft 24 has a cross-sectional shape which mates with 
the cross-sectional shape of the opening 38 in the rotatable cam 36 of the selector switch 12. 
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Both the opening 38 and the cam 36 and the rotatable shaft 24 share a common axis. The 
rotatable shaft 24 can therefore sUde in and out of the rotatable cam 36 as long as the two 
cross-sections have mated effectively. The proper sliding of these components is important 
for the ease of assembly of these two switch units 12, 14 into a single unit 10. 
[44] Due to imposed agency regulations, the infinite switch 14 must have a child safety 
related two-motion actuation in order to operate. The infinite switch 14 incorporates this 
fiinction by having a "push-to-tum" mechanism internal to its design. In order to maintain 
design simplicity, low cost, and easy manufacturing, the selector switch 12 does not have, 
nor does it require, a separate "push-to-tum" mechanism. Listead, the present unit 10 allows 
the rotatable shaft 24 to slide relative to the cam opening 38 in the rotatable cam 36 of the 
selector switch 12 during normal operation as well as during assembly. In this configuration, 
the selector switch 12 allows the "push-to-tum" mechanism to operate as required. Close 
ahgnment of the two portions is generally needed to overcome a potential for binding of the 
rotatable shaft 24 with the cam opening 38 in the rotatable cam 36 of the selector switch 12. 
[45] In operation, the unit 10 can be operated from the off position in either a clockwise or 
counter-clockwise direction, after defeating the push-to-tum lock mechanism. The rotatable 
cam 36 of the selector switch 12 is designed in such a manner that the N-E circuit on the 
selector switch 12, which inputs 120 volt ac disclosed for approximately 130'' such that it 
utilizes the fiill duty cycle spectrum available fi-om the infinite switch 14 when functioning at 
one-fourth power. Reference should be made to Figures 11 and 12. Figure 11 shows the 
contact switching program, while Figure 12 depicts an exemplary duty cycle graph. The ftdl 
spectrum of duty cycle is the minimum consistent percentage on-time. 
[46] The unit 10, according to certain embodiments of the present invention, has a 
physical dwell or rotational delay in operation of the rotatable cam 36 in the selector switch 
12. The dwell can be seen in Figures 11 and 12. In this dwell, the selector switch 12 is 
opened in both of the potential circuits. This dwell in the rotatable cam 36, is for example, 
but not by way of limitation, approximately 20° in physical rotation of the shaft 24. One 
purpose of the dwell is to ensure that an arc will not jump from the line voltage to the neutral 
line in the home electrical circuit. If such an arc-over were to occur across terminals L2 and 
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N on the selector switch 12, then the circuit breaker will likely trip in the home. The amount 
of dwell needed in the rotatable cam 36 is a function of the amount of time it takes for an arc 
to self-extinguish versus the maximum speed that an operator could rotate the shaft 24 
through the dwell so as to open one set of contacts and then close the other set of contacts. A 
potential range for the dwell angle may be between 10^ to about 40°, with approximately 20° 
being preferred in the illustrated embodiment. 

[47] One of the advantages of the configuration of the unit in accordance with 
embodiments of the present invention is the ease of assembly provided. The jumper cable 16 
is placed between terminals that are provided on the same side of the unit 10 so that 
minimum length jumper cables 16 may be employed. Also, by assuring that the input 
tenninals of the unit (which are found on the selector switch 12) are on an opposing side of 
the unit 10, installation into the electric range is also simplified, preventing mis-wirings. 
Color coding of the terminals may be employed such that the jumper cable 16 will be 
connected to the proper terminal. For example, in certain embodiments of the invention the 
terminal L2 of the infinite switch 14, made of brass, is not plated over such that its natural 
color is observed during assembly as a color code, compared to all of the other terminals on 
the infinite switch 14, which are tin plated and thus appear silver in color. This facilitates 
visual error checking and proper assembly. 

[48] The present invention as described above provides a combination unit that exhibits 
ease of assembly, safety in performance by preventing arc-over, provides ease of use for an 
end user through a single actuation mechanism, and produces a pluraUty of simmer voltages 
through the combination of a selector switch and an infinite switch. 

[49] Although the present invention has been described and illustrated in detail, it is to be 
clearly understood that the same is by way of illustration and example only and is not to be 
taken by way of limitation, the scope of the present invention being limited only by the terms 
of the appended claims. 



